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>@,QERWKVWHSVGHWHUPLQLQJWKHDFWXDOGLVWDQFHVEHWZHHQDQ\WZRSRLQWVRQWKHVLWHSOD\VDVLJQLILFDQWUROHLQ
UHGXFLQJWKHWUDYHOOLQJGLVWDQFHV

7ZRDSSURDFKHVKDYHEHHQXVHG LQ WKH OLWHUDWXUH WRGHWHUPLQH WKHGLVWDQFHEHWZHHQ WZRSRLQWVGLUHFWDQGJULG
EDVHGDSSURDFKHV7KHILUVWDSSURDFKVLPSO\UHIOHFWV WKH(XFOLGHDQRUUHFWLOLQHDUGLVWDQFHEHWZHHQ WZRSRLQWVDQG
WKHVHFRQGRQHGHWHUPLQHVWKHGLVWDQFHRQDJULGEDVHGQHWZRUNRQWKHVLWH7KHGLUHFWDSSURDFKLVVLPSOHWRXVHEXW
GRHV QRW FRQVLGHU WKH REVWDFOHV RQ WKH FRQQHFWLRQ SDWK 7KH JULG EDVHG DSSURDFK RYHUFRPHV WKLV OLPLWDWLRQ E\
PDNLQJGHWRXUVDURXQGWKHREVWDFOHVRQWKHJULGQHWZRUNEXWUHTXLUHGPRUHFRPSXWDWLRQDOHIIRUWWRILQGWKHVKRUWHVW
SDWK+RZHYHU WKH OHYHORIDFFXUDF\LIDQ\JDLQHGE\ WKHDGGLWLRQDOFRPSXWDWLRQDOHIIRUW LVXQFOHDU7KLVVWXG\
FRPSDUHV WKH DFFXUDF\ DQG FRPSOH[LW\ RI WKH DERYH WZR DSSURDFKHV LQ GHWHUPLQLQJ WKH VKRUWHVW SDWKV RQ
FRQVWUXFWLRQ VLWHV ,Q DGGLWLRQ WKH DSSOLFDWLRQ RI YLVLELOLW\ JUDSK DSSURDFK IRU GHWHUPLQLQJ WKH VKRUWHVW SDWKV RQ
FRQVWUXFWLRQVLWHVLVVXJJHVWHGLQWKLVVWXG\7KHFRPSOH[LW\DQGDFFXUDF\RIWKHVHWKUHHDSSURDFKHVDUHFRPSDUHG
WRJHWKHUXVLQJVHYHUDOTXDQWLILHGFDVHH[DPSOHV
/LWHUDWXUHUHYLHZFXUUHQWDSSURDFKHVXVHGIRUUHIOHFWLQJWUDYHOSDWK
7ZR DSSURDFKHV KDYH EHHQ XVHG LQ VLWH OD\RXW SODQQLQJ OLWHUDWXUH WR UHIOHFW WKH GLVWDQFH EHWZHHQ WZR SRLQWV
GLUHFW DQG JULG EDVHG DSSURDFKHV 7KH GLUHFW DSSURDFK RQO\ XVHV WKH ;< FRRUGLQDWHV RI WKH GHSDUWXUH DQG
GHVWLQDWLRQWRGHWHUPLQHWKHLUGLVWDQFH+RZHYHUWKHJULGEDVHGDSSURDFKGHWHUPLQHVWKHGLVWDQFHRQDQRUWKRJRQDO
JULGEDVHGQHWZRUNZKLFKUHSUHVHQWVWKHDYDLODEOHVSDFHRQWKHVLWHIRUWUHVSDVVLQJ7KLVVHFWLRQH[SODLQVWKHPDLQ
DVVXPSWLRQVDQGVWHSVIRUWKHVHWZRDSSURDFKHV
2.1. Direct approach 
'LUHFW DSSURDFK LV WKH VLPSOHVW PHWKRG WKDW KDV EHHQ XVHG LQ WKH OLWHUDWXUH WR UHIOHFW WKH GLVWDQFHV RQ WKH
FRQVWUXFWLRQ VLWHV 7KH GLVWDQFH EHWZHHQ WZR SRLQWV FDQ EH H[WUDFWHG IURP WKHLU FRRUGLQDWHV GLUHFWO\ XVLQJ WZR
GLIIHUHQW VFHQDULRV(XFOLGHDQ HJ >@ DQG UHFWLOLQHDUGLVWDQFH >@7KH(XFOLGHDQGLVWDQFH 'H DQG
UHFWLOLQHDU'UGLVWDQFHVDUHWKHGLVWDQFHEHWZHHQWZRSRLQWVRQUHVSHFWLYHO\DVWUDLJKWDQGUHFWLOLQHDUOLQHVHH)LJ
DDQGE7KHVHWZRGLVWDQFHVFDQEHFDOFXODWHGDVIROORZ
  babae YYXXD −+−=  and babar YYXXD −+−= 
ZKHUH;D <DDQG;E <EDUH WKHFRRUGLQDWHVRISRLQW$DQG%$OWKRXJKWKHGLUHFWDSSURDFK LVVLPSOH WR
LPSOHPHQW LW GRHVQRW FRQVLGHU WKHGHWRXUV UHTXLUHG WREHPDGHDURXQG WKHREVWDFOHV WRPRYH IURPRQHSRLQW WR
DQRWKHU
2.2. Grid based approach 
7R RYHUFRPH WKH OLPLWDWLRQ RI WKH GLUHFW DSSURDFK IHZ VWXGLHV DUH GHWHUPLQLQJ WKH GLVWDQFH RQ D JULG EDVHG
V\VWHPWRFRQVLGHUGHWRXUVDURXQGREVWDFOHVZKHQWUDYHOOLQJRQHSRLQWWRDQRWKHU>@,QWKLVDSSURDFKWKHVLWHLV
GLYLGHG LQWRDQRUWKRJRQDOJULG V\VWHP )LJE WRSUHVHQW WKHDYDLODEOH VSDFH IRU WUDQVSRUWLQJ UHVRXUFHVXVLQJD
JUDSK7KHJULG LQWHUVHFWLRQVUHSUHVHQW WKHJUDSKQRGHVDQG WKHJUDSKDUFVDUHFUHDWHGE\FRQQHFWLQJ WKHDGMDFHQW
QRGHV 7KLV JUDSK FDQ EH XVHG WR VHDUFK IRU WKH VKRUWHVW SDWK WR WUDYHO RQ WKH VLWHZKLFK UHSUHVHQWV WKH GLVWDQFH
EHWZHHQWZRSRLQWV)RULQVWDQFH)LJEVKRZVWKUHHSRVVLEOHSDWKVIRUWUDYHOLQJIURPSRLQW$WR%$VFDQEHVHHQ
WKHJULGEDVHGDSSURDFKSURYLGHVWKHRSSRUWXQLW\WRPDQHXYHUDURXQGWKHREVWDFOHVDQGSDVVWKHP)ROORZLQJVWHSV
VKRZKRZWKHGLVWDQFHEHWZHHQWZRSRLQWVFDQEHGHWHUPLQHGXVLQJJULGEDVHGDSSURDFK
6WHS,GHQWLI\SRWHQWLDOQRGHVEDVHGRQWKHVLWHVKDSHDQGJULGVL]H
6WHS)RUDOOREVWDFOHVHOLPLQDWHWKHQRGHVWKDWIDOOLQVLGHWKHREVWDFOH
6WHS&RQQHFWWKHUHPDLQLQJDGMDFHQWQRGHVZLWKDGLUHFWDUFWRFUHDWHWKHJULGEDVHGJUDSK
6WHS6HDUFKIRUWKHPLQLPXPGLVWDQFHEHWZHHQWKHVWDUWDQGHQGQRGHVRQWKHJUDSK
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 
)LJ7KUHHDSSURDFKHVIRUUHIOHFWLQJWKHGLVWDQFHEHWZHHQSRLQWV$DQG%LQDFRQVWUXFWLRQVLWH 
 DGLUHFWDSSURDFKEJULGEDVHGDSSURDFKDQGFYLVLELOLW\JUDSKDSSURDFK
7KHVHVWHSVDUHSUHVHQWHGJUDSKLFDOO\WKURXJKDVLPSOHH[DPSOH$VVXPHWKHJRDOLVWRILQGWKHGLVWDQFHEHWZHHQ
SRLQW$DQG%LQDFRQVWUXFWLRQVLWHZLWKRQHREVWDFOHDVSUHVHQWHGLQ)LJD7KHILUVWVWHSLVWRGLYLGHWKHVLWHEDVHG
RQDQRUWKRJRQDOJULGV\VWHPDQGJHQHUDWHDOOWKHSRVVLEOHQRGHV)LJE6RPHRIWKHVHQRGHVZLOOIDOOLQVLGHWKH
REVWDFOHDQGZLOOQRWEHDYDLODEOHIRUWUDQVSRUWDWLRQ7KHVHQRGHVDUHHOLPLQDWHGLQVWHS)LJF6WHSFRQQHFWV
WKH UHPDLQLQJQRGHV WR HDFKRWKHUZLWKGLUHFW OLQHV WR FUHDWH WKH DUFVRI WKHJUDSK ,Q WKLV H[DPSOH HDFKQRGH LV
FRQQHFWHG WRPD[LPXP RI IRXU DGMDFHQW QRGHV )LJ G 7KH ODVW VWHS LV GHWHUPLQLQJ WKH VKRUWHVW SDWK EHWZHHQ
SRLQWV$DQG%RQWKLVJUDSK)LJH

7KH DFFXUDF\ RI WKH JULG EDVHG DSSURDFK FDQ EH LQFUHDVHG E\ UHGXFLQJ WKH VL]H RI WKH JULG XQLWV LQ VWHS  RU
FRQQHFWLQJPRUHDGMDFHQWQRGHVWRHDFKRWKHULQVWHS>@)RULQVWDQFH)LJISUHVHQWVDQRWKHUSDWKEHWZHHQ$
DQG%XVLQJDVPDOOHUJULGVL]HDQGFRQQHFWLQJDGMDFHQWQRGHVWRHDFKRWKHU7KLVSDWK)LJILVDPRUHUHDOLVWLF
SUHVHQWDWLRQRI WKHURXWH WKDWUHVRXUFH WUDYHORQ WKHVLWHFRPSDUHG WR WKHSUHYLRXVSDWK)LJH7KLV LQFUHDVH LQ
DFFXUDF\ KRZHYHU UHTXLUHVPRUH FRPSXWDWLRQDO HIIRUW IRU GHWHUPLQLQJ WKH VKRUWHVW GLVWDQFH EHWZHHQ WZR SRLQWV
VLQFH WKH QXPEHU RI QRGHV DQG DUFV RI WKH JUDSK DUH LQFUHDVHG VLJQLILFDQWO\ 7KH DFFXUDF\ DQG FRPSOH[LW\ RI
GLIIHUHQWDSSURDFKHVDUHFRPSDUHGWRJHWKHULQPRUHGHWDLOVLQVHFWLRQ


)LJ*ULGEDVHGDSSURDFKDH[DPSOHRIDFRQVWUXFWLRQVLWHEHVWHSVIRUGHWHUPLQLQJWKHGLVWDQFHIDPRUHDFFXUDWHSUHVHQWDWLRQ
$SSOLFDWLRQRIYLVLELOLW\JUDSKIRUILQGLQJWKHVKRUWHVWSDWK
:KHQWUDYHOLQJRQWKHVLWHFRQVWUXFWLRQUHVRXUFHVPDQHXYHUDURXQGWKHFRUQHUVRIREVWDFOHVWRSDVVWKHPDQGJHW
WR WKHLU GHVWLQDWLRQ9LVLELOLW\ JUDSKPLPLFV WKLV EHKDYLRU E\ FUHDWLQJ D JUDSKRI DOO WKH SRVVLEOH SDWKV WR GHWRXU
DURXQGREVWDFOHV$OWKRXJK WKLV DSSURDFKKDV QRW EHHQ XVHG LQ VLWH OD\RXW SODQQLQJ LW KDV EHHQ DSSOLHG IRU SDWK
ILQGLQJLQURERWLFPRWLRQSODQQLQJ>@7KLVVWXG\HYDOXDWHVWKHDSSOLFDWLRQRIWKLVDSSURDFKLQILQGLQJWKHVKRUWHVW
SDWKVLQVLWHOD\RXWSODQQLQJ7KHQRGHVRIWKHYLVLELOLW\JUDSKFRQVLVWRIDOOWKHYHUWLFHVRIREVWDFOHVLQDGGLWLRQWR
WKHVWDUWDQGHQGQRGHV(DFKDUFRIWKLVJUDSKUHSUHVHQWVDYLVLEOHFRQQHFWLRQEHWZHHQWZRQRGHV)LJFSUHVHQWV
DQH[DPSOHRIDYLVLELOLW\JUDSKIRU WZRREVWDFOHVDQG WKUHHGLIIHUHQWSRVVLEOHSDWKVEHWZHHQSRLQW$DQG%7KH
VWHSVIRUFUHDWLQJWKHYLVLELOLW\JUDSKDQGGHWHUPLQLQJWKHGLVWDQFHDUHDVIROORZ
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6WHS,GHQWLI\QRGHVRIWKHYLVLELOLW\JUDSKVWDUWDQGHQGQRGHVDQGWKHYHUWLFHVRIREVWDFOHV
6WHS&RQQHFWHYHU\WZRQRGHVWRJHWKHUWRJHQHUDWHDOOWKHSRVVLEOHDUFVRIWKHJUDSK
6WHS(OLPLQDWHDOOWKHDUFVWKDWSDVVWKURXJKDQREVWDFOH
6WHS6HDUFKIRUWKHPLQLPXPGLVWDQFHEHWZHHQWKHVWDUWDQGHQGQRGHVRQWKHYLVLELOLW\JUDSK

7KHVHVWHSVDUHH[SODLQHGLQPRUHGHWDLOVWKURXJKDVLPSOHH[DPSOH&RQVLGHUWKHVDPHVLWHZLWKDVLQJOHREVWDFOH
)LJD7KHILUVWVWHSLGHQWLILHVDOOWKHQRGHVRIWKHYLVLELOLW\JUDSKZKLFKDUHWKHYHUWLFHVRIREVWDFOHVLQDGGLWLRQ
WR WKHVWDUWDQGHQGSRLQWV)LJE,Q WKHYLVLELOLW\JUDSKDQDUFEHWZHHQWZRQRGHVPHDQVWKDWWKH\DUHYLVLEOH
IURP HDFK RWKHU :KHQ WZR QRGHV KDYH D YLVLEOH FRQQHFWLRQ WKH DUF EHWZHHQ WKHP GRHV QRW SDVV WKURXJK DQ
REVWDFOH$FFRUGLQJO\WRLGHQWLI\WKHDUFVRIWKHYLVLELOLW\JUDSKDOOWKHQRGHVDUHILUVWFRQQHFWHGWRJHWKHULQVWHS
WRFUHDWHDSRRORIDOOWKHSRWHQWLDODUFV)LJF7KHQHDFKSRWHQWLDODUFZLOOEHFRPSDUHGWRDOOREVWDFOHV$UFVWKDW
SDVVWKURXJKDQREVWDFOHZLOOEHHOLPLQDWHGLQVWHSIURPWKHSRRO7KHUHPDLQLQJDUFVEHORQJWRWKHYLVLELOLW\JUDSK
DQGLGHQWLI\WKHQRGHVWKDWDUHYLVLEOHIURPHDFKRWKHU)LJG7KHGLVWDQFHEHWZHHQSRLQWV$DQG%LVGHWHUPLQHG
E\VHDUFKLQJIRUWKHVKRUWHVWSDWKRQWKHYLVLELOLW\JUDSK


)LJ9LVLELOLW\JUDSKDSSURDFKDH[DPSOHRIDFRQVWUXFWLRQVLWHEHVWHSVIRUFUHDWLQJWKHYLVLELOLW\JUDSKDQGGHWHUPLQLQJWKHGLVWDQFH
0HDVXULQJWKHFRPSOH[LW\
:LWKRXW DQ\GRXEW WKHGLUHFW DSSURDFK LV WKH OHVV FRPSOH[DSSURDFK WRDSSUR[LPDWH WKHGLVWDQFHEHWZHHQ WZR
SRLQWVDVLWGRHVQRWLQYROYHDQ\H[WHQVLYHFDOFXODWLRQV+RZHYHUWKLVDSSURDFKGRHVQRWFRQVLGHUWKHREVWDFOHVRQ
WKHFRQVWUXFWLRQVLWHVDQGDVVXPHVUHVRXUFHFDQWUDYHORQDGLUHFWRUUHFWLOLQHDUOLQHZLWKRXWDQ\LQWHUUXSWLRQ7KLV
DVVXPSWLRQLVQRWUHDOLVWLFZKLFKOLPLWVWKHDSSOLFDWLRQRIWKHGLUHFWDSSURDFKIRUSUHGLFWLQJWKHGLVWDQFHV
7KHDFFXUDF\RIWKHJULGEDVHGDSSURDFKGHSHQGVRQWKHVL]HRIWKHJULGVDQGWKHQXPEHURIFRQQHFWLRQEHWZHHQ
WKHDGMDFHQWQRGHV)RUODUJHVLWHVZLWKIHZREVWDFOHVDODUJHJULGVL]HFDQUHGXFHWKHUHTXLUHGFRPSXWDWLRQHIIRUW
ZLWKRXWDVLJQLILFDQWHIIHFWRQWKHHIILFLHQF\RIWKHJHQHUDWHGSDWK+RZHYHUODUJHJULGVL]HIRUGHQVHVLWHVFDQOHDG
WRLQHIILFLHQWSDWKVDQGHYHQLQVRPHFDVHVSUHYHQWWKHJULGEDVHGDSSURDFKIURPILQGLQJDQ\SDWK)RUVXFKFDVHV
VPDOOJULGVL]HVKRXOGEHVHOHFWHGWRDOORZVHDUFKLQJIRUSDWKVWKDWSDVVWKURXJKWKHQDUURZDYDLODEOHVSDFHVEHWZHHQ
REVWDFOHV2QWKHRWKHUKDQGUHGXFLQJWKHJULGVL]HZLOOLQFUHDVHWKHUHTXLUHGFRPSXWDWLRQDOHIIRUWVLJQLILFDQWO\7KH
FRPSOH[LW\RIWKHJULGEDVHGDSSURDFKFDQEHGHWHUPLQHGE\LGHQWLI\LQJWKHUXQQLQJWLPHRILWVVWHSVDVDIXQFWLRQRI
LWVLQSXW7KHLQSXWVIRUGHWHUPLQLQJWKHUXQQLQJWLPHRIWKHJULGEDVHGDSSURDFKDUHDVIROORZ
$VLWH $UHDRIWKHVLWH   $2L $UHDRIREVWDFOHL
$J $UHDVL]HRIWKHJULG  D QXPEHURIDUFVSHUQRGH N QXPEHURIREVWDFOHV

7KH UXQQLQJ WLPHRI WKH ILUVW VWHS VWHS LQ VHFWLRQ LVD OLQHDU IXQFWLRQRI WKHQXPEHURIDOO WKHSRWHQWLDO
QRGHV2QZKLFKFDQEHFDOFXODWHGDVIROORZ
gSite AAn  = 
7KHVHFRQGVWHSLVHOLPLQDWLQJWKHQRGHVWKDWIDOOLQVLGHREVWDFOHVZLWKDUXQQLQJWLPHRI2N7KHUXQQLQJWLPH
IRUFRQQHFWLQJWKHQRGHVWRJHWKHUVWHSLVDIXQFWLRQRIWKHQXPEHURIWKHUHPDLQLQJQRGHVQDQGWKHQXPEHURI
DUFVSHUQRGHV2DQ7KHQXPEHURIWKHUHPDLQLQJQRGHVFDQEHFDOFXODWHGDVIROORZ
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OiSite
A
AAn Σ−= 
7KHODVWVWHSLVVHDUFKLQJIRUWKHVKRUWHVWSDWKRQDJUDSKZLWKQQRGHV7KLVVWXG\XVHV$VHDUFKPHWKRGWRILQG
WKHVKRUWHVWSDWKWKDWFRQQHFWVWZRQRGHVRQDJUDSK7KHUXQWLPHIRUWKLVVHDUFKPHWKRGZKLFKLVRQHWKHIDVWHVWRI
LWVNLQGLVDTXDGUDWLFIXQFWLRQRIWKHQXPEHURIQRGHV2Q>@7KHRYHUDOOUXQWLPHZLOOEHWKHVXPPDWLRQ
RIWKHUXQQLQJWLPHIRUDOOWKHVWHSVZKLFKLVHTXDOWR2QDQNQ>@,QWKLVSRO\QRPLDOHTXDWLRQQ
KDVWKHKLJKHVWGHJUHHDQGEHFRPHVWKHGRPLQDQWSDUWRIWKHSRO\QRPLDOIXQFWLRQZKLFKPHDQV2QLVWKHUXQQLQJ
WLPHRI WKHJULGEDVHGDSSURDFK$FFRUGLQJO\ WKHUXQQLQJWLPHRI WKHJULGEDVHGDSSURDFKKLJKO\GHSHQGVRQWKH
QXPEHURIQRGHVWKDWSUHVHQWWKHDYDLODEOHVSDFHRQWKHVLWHQ$V(TVKRZVWKLVQXPEHUGHFUHDVHVDVWKHJULG
VL]H$JLQFUHDVHV,WLVLQWHUHVWLQJWRQRWHWKDWWKHUXQQLQJWLPHRIWKHJULGEDVHGDSSURDFKGHFUHDVHVDVWKHVSDFH
RFFXSLHGE\WKHREVWDFOHV$2LLQFUHDVHV

7KHYLVLELOLW\JUDSKJHQHUDWHVWKHPRVWDFFXUDWHGLVWDQFHVLQFHLWPLPLFVWKHUHDOLW\RIKRZUHVRXUFHVWUDYHORQ
WKHVLWH,QUHDOLW\UHVRXUFHVPDNHWXUQVRQWKHFRUQHUVRIREVWDFOHVWRPDNHGHWRXUVLQWKHVLWHDQGJHWIURPRQHSRLQW
WRDQRWKHU6LQFHLQWKHYLVLELOLW\JUDSKWKHYLVLEOHFRUQHUVRIREVWDFOHVDUHFRQQHFWHGWRHDFKRWKHUWKHVKRUWHVWSDWK
RQ WKH YLVLELOLW\ JUDSK ZLOO UHIOHFW WKH DFWXDO SDWK WKDW UHVRXUFHV WUDYHO RQ WKH VLWH 7KH UXQQLQJ WLPH IRU
LPSOHPHQWLQJWKHYLVLELOLW\JUDSKZRXOGEHWKHVXPPDWLRQRIWKHWLPHWRFUHDWHWKHJUDSKDQGWKHWLPHWRVHDUFKIRU
WKHVKRUWHVWSDWK7KHYLVLELOLW\JUDSKKDVNQRGHVZKHUHNLVWKHQXPEHURIWKHREVWDFOHVRQWKHVLWH7RGHWHUPLQH
WKHDUFVRI WKHJUDSKDOOSDLURI WZRQRGHVDUHFRQQHFWHG WRJHWKHU WRFUHDWHDSRRORIDOO WKHSRWHQWLDODUFV N
SRWHQWLDODUFV$OORI WKHVHSRWHQWLDODUFVDUH WKHQFRPSDUHGWRHGJHVRIREVWDFOHV WRHOLPLQDWH WKHRQHV WKDWSDVV
WKURXJK DQ REVWDFOH N FKHFNV $FFRUGLQJO\ WKH UXQQLQJ WLPH IRU FUHDWLQJ WKH YLVLELOLW\ JUDSK LV2N 7KH
UXQQLQJWLPHWRVHDUFKIRU WKHVKRUWHVWSDWKRQWKHYLVLELOLW\JUDSKLVDTXDGUDWLFIXQFWLRQRI WKHQXPEHURIQRGHV
2N )URP FRPSDULQJ WKHVH WZR IXQFWLRQV WKH RYHUDOO UXQQLQJ WLPH RI WKH YLVLELOLW\ DSSURDFKZLOO EH 2N
8QOLNH WKHJULGEDVHGDSSURDFK WKH UXQQLQJ WLPHRI WKHYLVLELOLW\JUDSKDSSURDFKZLOO LQFUHDVHDV WKHQXPEHURI
REVWDFOHVLQFUHDVH
&RPSDUDWLYHFDVHVWXGLHV
5.1. Methodology 
7KLVVHFWLRQFRPSDUHVWKHDFFXUDF\DQGUXQQLQJWLPHRIWKHWKUHHGLVWDQFHDSSURDFKHVLQILQGLQJWKHVKRUWHVWSDWK
EHWZHHQWZRSRLQWV LQUDQGRPO\JHQHUDWHGVLWH OD\RXWV,Q WKHVHOD\RXWVWKHVLWH LVDP[PUHFWDQJOHEXW WKH
REVWDFOHVDUHUDQGRPO\GLVWULEXWHG7KHREVWDFOHVDUHDVVXPHGWRWDNHHLWKHUDVPDOOVL]HRIP[PRUDODUJHVL]HRI
P[P$VDIHW\RIIVHWRIPLVDVVXPHGIRUSDVVLQJDURXQGWKHREVWDFOHV,QDOOWKHOD\RXWVWKHJRDOLVWRILQGWKH
GLVWDQFHEHWZHHQDIL[HGVWDUWDQGHQGSRLQWVXVLQJGLIIHUHQWDSSURDFKHV)LJDVKRZVDQH[DPSOHRIDVLWHZLWK
WZHOYHUDQGRPO\GLVWULEXWHGREVWDFOHVWKHRIIVHWOLQHVDURXQGWKHREVWDFOHVDQGWKHVWDUWDQGHQGSRLQWV

$V GHVFULEHG LQ VHFWLRQ  WKH UXQWLPH RI GLVWDQFH DSSURDFKHV GHSHQGV RQ WKH QXPEHU RI REVWDFOHV DQG WKH
XQDYDLODEOHVSDFHRQ WKHVLWH7KHXQDYDLODEOHVSDFHGXH WRHDFKREVWDFOHHTXDOVPDQGPIRUVPDOODQG
ODUJHREVWDFOHVUHVSHFWLYHO\,QRUGHU WRJHWDZLGHYDULHW\RIH[DPSOHV WKHUDQGRPOD\RXWVDUHJHQHUDWHGIRU WZR
FDVHV RI VPDOO DQG ODUJH REVWDFOHV FRQVLGHULQJ D YDULRXV QXPEHU RI REVWDFOHV )RU WKH FDVH RI VPDOO REMHFWV WKH
OD\RXWVDUHJHQHUDWHGIRUDSDFNDJHRIDQGREVWDFOHVZKLFKUHVSHFWLYHO\UHSUHVHQW
      DQG RI XQDYDLODEOH VSDFH RQ WKH VLWH )RU ODUJH REVWDFOHV WKH
SDFNDJHVLQFOXGHDQGREVWDFOHVZKLFKUHSUHVHQWDQGRIXQDYDLODEOHVSDFH
)RU HDFK SDFNDJH  UDQGRP OD\RXWV DUH JHQHUDWHG WR JHW WKH DYHUDJH UXQQLQJ WLPH DQG DYHUDJH DFFXUDF\ IRU
FRPSDULQJGLIIHUHQWGLVWDQFHDSSURDFKHV

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7KHGLVWDQFH EHWZHHQ WKH VWDUW DQG WKH HQGSRLQWV LQ WKH UDQGRP OD\RXWV DUH GHWHUPLQHGXVLQJ VHYHQGLIIHUHQW
VHDUFKLQJVFHQDULRVSUHVHQWHGLQ7DEOH)LJSUHVHQWVWKHJHQHUDWHGSDWKLQDUDQGRPOD\RXWZLWKODUJHREMHFWV
XQDYDLODEOHVSDFHXVLQJWKHVHVFHQDULRV7KHILUVWWZRVFHQDULRVDUHXVLQJDGLUHFWDSSURDFKZKLFKGHWHUPLQHV
WKHGLVWDQFHXVLQJWKHFRRUGLQDWHVRIVWDUWDQGHQGSRLQWV1H[WIRXUVFHQDULRVUHSUHVHQWGLIIHUHQWDVVXPSWLRQLQWKH
JULGEDVHGDSSURDFK)LJDDQGEVKRZWKHSDWKJHQHUDWHGE\WKHJULGEDVHGDSSURDFKDVVXPLQJWZRGLIIHUHQWJLUG
VL]HVP[PDQGP[PDQGWZRGLIIHUHQWDVVXPSWLRQIRUFRQQHFWLQJWKHQRGHVWRJHWKHUFRQQHFWLQJHYHU\
DGMDFHQWQRGHVRUHYHU\DGMDFHQWQRGHVWRJHWKHU(YHQWXDOO\WKHODVWVFHQDULRDSSOLHVWKHYLVLELOLW\JUDSKDSSURDFK
LQILQGLQJWKHSDWKVRQWKHVLWH)LJF7KHGLVWDQFHEHWZHHQWKHVWDUWDQGHQGSRLQWVIRUDOOWKHUDQGRPOD\RXWVDUH
GHWHUPLQHGXVLQJDOOVHYHQVFHQDULRVWRJLYHDVROLGEDVLVIRUFRPSDULQJGLIIHUHQWDSSURDFKHVLQILQGLQJSDWKVRQVLWH
OD\RXWV7KHUHVXOWVDUHSUHVHQWHGLQWKUHHVHFWLRQVFRPSOH[LW\SUHFLVLRQDQGFRPSOLFDWLRQV
  
)LJ7UDYHOLQJSDWKRQWKHVLWHXVLQJGLIIHUHQWVHDUFKVFHQDULRVD*%E*%DQGF9*
7DEOH6FHQDULRVIRUGHWHUPLQLQJWKHGLVWDQFHEHWZHHQWKHVWDUWDQGHQGSRLQWV
$SSURDFK 6FHQDULRQDPH 6FHQDULRGHVFULSWLRQ
'LUHFW (XF (XFOLGHDQGLVWDQFH
 5HF 5HFWLOLQHDUGLVWDQFH
*ULGEDVHG *% *ULGVL]HRIP[PDUFVSHUQRGH
 *% *ULGVL]HRIP[PDUFVSHUQRGH
 *% *ULGVL]HRIP[PDUFVSHUQRGH
 *% *ULGVL]HRIP[PDUFVSHUQRGH
9LVLELOLW\JUDSK 9* 8VLQJYLVLELOLW\JUDSK
5.2. Results and discussion 
5.2.1. Complexity 

7KHUXQQLQJWLPHRIDOOWKHILYHVFHQDULRVDUHSUHVHQWHGLQ)LJDDQGEIRUWKHFDVHRIVPDOODQGODUJHREVWDFOHV
UHVSHFWLYHO\%RWKJUDSKVVKRZWKDW*%DQG*%VFHQDULRV WDNHPRUHWLPHWRUXQLQFRPSDUHWR*%DQG
*% VFHQDULRV 7KLV GLIIHUHQFH VKRZV WKH LPSRUWDQFH RI WKH JULG VL]H LQ WKH UXQQLQJ WLPH RI WKH JULG EDVHG
DSSURDFK$VSUHGLFWHGLQVHFWLRQLQFUHDVLQJWKHJULGVL]HIURPPWRPUHVXOWVLQIHZHUQRGHVDQGDFFRUGLQJO\
OHVV UHTXLUHG WLPH WR VHDUFK+RZHYHU WKHVH WZRJUDSKV VKRZ WKDW WKHQXPEHURI DUFVSHUQRGHGRHVQRWKDYH D
VLJQLILFDQWHIIHFWRQWKHUXQQLQJWLPHFRPSDUH*%WR*%RU*%WR*%,QDGGLWLRQDVSUHGLFWHGLQ
VHFWLRQWKHJUDSKVVKRZWKDWWKHUXQQLQJWLPHIRUDOOWKHJULGEDVHGVFHQDULRVGHFUHDVHVDVWKHXQDYDLODEOHVSDFH
LQFUHDVHV+RZHYHULQFUHDVHLQWKHQXPEHURIREVWDFOHVPDNHVWKHUHTXLUHGWLPHIRUWKHYLVLELOLW\JUDSKDSSURDFKWR
LQFUHDVHVLJQLILFDQWO\&RPSDULQJ)LJDWREVKRZVWKDWUHJDUGOHVVRIWKHXQDYDLODEOHVSDFHRQWKHVLWHZKHQOHVV
WKDQREVWDFOHVDUHORFDWHGRQWKHVLWHWKHYLVLELOLW\JUDSKDSSURDFKWDNHVOHVVWLPHWRFRPSXWHFRPSDUHGWRDOOJULG
EDVHGVFHQDULRV+RZHYHUIRUPRUHREVWDFOHVWKHJULGEDVHGDSSURDFKFDQJHQHUDWHUHVXOWVIDVWHU
(QG
6WDUW
D E F
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5.2.2. Precision

)LJDDQGEVKRZWKHSUHFLVLRQRIWKHSURSRVHGVFHQDULRVLQGHWHUPLQLQJWKHGLVWDQFHRQWKHVLWH7KHVHJUDSKV
DUHFUHDWHGE\FRPSDULQJWKHGLVWDQFHFDOFXODWHGE\GLIIHUHQWVFHQDULRVWRWKHGLVWDQFHGHWHUPLQHGE\WKHYLVLELOLW\
JUDSKDSSURDFKVLQFHLW LV WKHPRVWDFFXUDWHRQH&RPSDULQJWKHHUURUVSUHVHQWHGLQ)LJVKRZVWKDW*%DQG
*% VFHQDULRV KDYH D KLJKHU DFFXUDF\ FRPSDUHG WR *% DQG *% VFHQDULRV 7KLV PHDQV WKDW WKDW WKH
DFFXUDF\ RI WKH JULG EDVHG DSSURDFKPRVWO\ GHSHQGV RQ WKH QXPEHU RI DUFV SHU QRGH UDWKHU WKDQ WKH JULG VL]H
+RZHYHUWKHHIIHFWRIWKHJULGVL]HRQWKHDFFXUDF\EHFRPHVPRUHLPSRUWDQWZKHQWKHXQDYDLODEOHVSDFHLQFUHDVHV

7KHUHFWLOLQHDUDQG(XFOLGHDQVFHQDULRVLQWKHGLUHFWGLVWDQFHDSSURDFKJLYHWKHVDPHGLVWDQFHIRUDQ\OD\RXWDV
ORQJDV WKHVWDUWDQGHQGQRGHVDUHIL[HG$FFRUGLQJO\ WKHLUDFFXUDF\GHSHQGVRQ WKHGLVWDQFHGHWHUPLQHGE\ WKH
YLVLELOLW\JUDSKDSSURDFK:KHQWKHVLWHLVHPSW\WKHYLVLELOLW\JUDSKUHWXUQVWKHGLVWDQFHRQDVWUDLJKWOLQHVLPLODUWR
WKH(XFOLGHDQVFHQDULRVHHWKHORZHUURURI(XFVFHQDULRIRUDQGRIXQDYDLODEOHVSDFHLQ)LJDDQGE$V
PRUHREMHFWVDUHSODFHGRQWKHVLWHWKHYLVLELOLW\JUDSKDSSURDFKZRXOGPDNHGHWRXUVWRJHWIURPVWDUWWRHQGEXWWKH
(XFOLGHDQ VFHQDULR VWLOO UHWXUQV WKH GLVWDQFH RQ D GLUHFW OLQH $FFRUGLQJO\ WKH (XFOLGHDQ VFHQDULR EHFRPHV OHVV
DFFXUDWHIRUGHQVHVLWHVHHWKHKLJKHUURURI(XFVFHQDULRIRURIXQDYDLODEOHVSDFHLQ)LJDDQGE


)LJ5XQQLQJWLPHRIGLIIHUHQWVFHQDULRVD&DVH,VPDOOREVWDFOHVDQGE&DVH,,/DUJHREVWDFOHV

)LJ3UHFLVLRQRIGLIIHUHQWVFHQDULRVD&DVH,VPDOOREVWDFOHVDQGE&DVH,,ODUJHREVWDFOHV
7KHDFFXUDF\RIWKH(XFOLGHDQGLVWDQFHVFHQDULRLQ)LJDDQGEVKRZWKDWWKLVVFHQDULRPRVWO\JHQHUDWHVPRUH
DFFXUDWH UHVXOWVFRPSDUH WRRWKHUVFHQDULRV -XVW IRUKLJKHU OHYHOVRIXQDYDLODEOHVSDFH*%VFHQDULRJHQHUDWHV
UHVXOWVVOLJKWO\PRUHDFFXUDWHWKDQ(XFVFHQDULR)LJDDQGEVKRZWKDW*%VFHQDULRDOPRVWUHTXLUHVWKHKLJKHVW
FRPSXWDWLRQDO WLPH 7KLVPHDQV WKDW WKH (XFOLGHDQ GLVWDQFH VFHQDULR LV WKH EHVW FKRLFH DIWHU WKH YLVLELOLW\ JUDSK
DSSURDFK

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(a) Number of obstacles (% Unavailable space)
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5.2.3. Complications 

7KHGLVWDQFHDSSURDFKHVPD\IDLOWRILQGDSDWKEHWZHHQWKHVWDUWDQGWKHHQGSRLQWVLQFURZGHGOD\RXWVIRUWZR
PDLQ UHDVRQV)LUVW WKH UDQGRPGLVWULEXWLRQRIREMHFWVEORFNV WKHVWDUWRUHQGSRLQWVDQGDFFRUGLQJO\ WKHUH LVQR
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